Abstract. The second-order elastic constants and generalized-stacking-fault energy surfaces for semiconductors GaAs have been predicted by using the first-principles calculations. The calculations employ the density functional theory within local-density-approximation method. The lattice constants of GaAs is 5.626Å, which agree well with the experimental data 5.65Å and theoretical values 5.6045Å(LDA). The SOECs agree well with the experimental data and theoretical values. The generalized-stacking-fault energy curves along <110>{111} direction of the shuffle set in GaAs have been calculated. Based on the Fourier series, the fitted generalized-stacking-fault energy surfaces have been obtained. The dislocation width and Peierls stress for shuffle 60°dislocation in GaAs have been calculated by the improved Peierls-Nabarro theory in which non-relaxed and relaxed calculations have been taken into account. The calculated dislocation width is narrow(about 0.83b), and the peierls stress is about 0.45~0.54GPa.
Introduction
In the middle of last century, the invention of single crystal silicon and semiconductor transistor and the development of silicon integrated circuit, which led to the electronic industrial revolution; At the beginning of the seventies of the last century, the invention of quartz optical fiber materials and GaAs lasers, which promoted the optical fiber communication technology rapid development and gradually formed a high and new technology industry and mankind has entered the information age. The mechanical properties of III-V compounds with a zinc-blende structure such as GaAs has attracted increasing interest. GaAs has the excellent properties that do work at high temperatures compared with Si and Ge. One of the mechanical properties are elasticity, in the linear theory of elasticity, the second-order elastic constants(SOECs) are sufficient to describe the elastic stress-strain response and wave propagation in solids and many experimental and theoretical research focus on the SOECs of GaAs [1] [2] [3] [4] [5] . These results are very vital for understanding the elasticity of GaAs.
The plasticity is another mechanical property of GaAs. It is well known that dislocations have a large effect on the plasticity of material in covalent crystal and the critical shear stress is related to the mobility of the dislocations. The GSFE introduced by Vitek [6, 7] plays a crucial rule in describing accurately the core structures and motion of dislocations accurately [8, 9] . And it also gives information about the shear properties of the perfect crystal [10] . In addition, the GSFE surface is important in proposed models for the brittle-ductile transition [11, 12] . The GSFE surface is the interplaner potential energy when one-half of a crystal sliding over the other half. Although GSFE curves are experimentally not accessible, such a potential can be determined by the interatomic potential simulation methods such as embedded atom method(EAM) and modified EAM [13, 14] and first-principles calculations [9, 15, 16] . The GSFE has been calculated more accurately form first principles by Hartford et al. [9] in comparison with the methods of interatomic potentials. However, the GSFE and mechanical properties of dislocations in GaAs have been less studied.
In this paper, we have calculated the SOECs and GSFE along<110>{111} direction of GaAs using the first-principles total-energy calculations. The core structure and Peierls stress of shuffle 60°d islocation in GaAs have been investigated by the improved Peierls-Nabarro(P-N) theory [17] . In next section, the SOECs and GSFE curves in GaAs have been calculated by the first-calculations method. Section 3 focused on the calculation of core structure and Peierls stress by using the improved P-N theory. The last section is the conclusion.
First-Principles Calculations of Elastic Constants and GSFE
We carry out first-principles total-energy calculations based on the planewave basis projector augmented wave (PAW) method [18, 19] and the density functional theory (DFT), using the Vienna ab initio simulation package(VASP 4.6) program developed at the Institut für Materialphysik of Universität Wien [20, 22] . The exchange-correlation functions for local-density-approximation (LDA) is used. The convergence of energy and force are set to 1.0×10 6 eV and 1.0×10 4 eV/Å, respectively. In order to get accurate results, the k-point mesh size with 21×21×21 and the plane-wave cut-off was set of 500eV to calculate the SOECs of GaAs, while the GSFE calculations adopt the grid meshes of 21×21×1. The equilibrium theoretical crystal structures are determined by minimizing the Hellmann-Feynman force on the atoms and the stress on the unit cell. The calculated lattice constants and SOECs of GaAs have been listed in Table 1 along with the available experimental data and other theoretical calculations. Obviously, our calculated lattice constants is 5.626Å, which is agreement with the experimental data 5.65Å and theoretical values 5.6045Å(LDA). There are three independent SOECs because of the cubic symmetry for GaAs, and the previous results and the experimental data are listed in Table 1 . The obtained SOECs are agreement with the previous results and the experiment data. We calculated the GSFEs of GaAs for {111} plane using a slab calculation. A slab consisting of 12 atomic layers in the <1 00>direction to simulate the stacking-fault process. To avoid the interactions between two slabs, The vacuum space of 15Å normal to {111} plane between periodically repeated slab is chosen. We performed the repeating calculations to obtain the reasonable results, and find that the fluctuations of calculated results for vacuum gap of 15Å and 18Å are less than 0.1%. The lattice misfits for the GSFE curves calculation are determined as a difference of total energies for the upper six atomic layers shifting below the slab along <110> direction with non-relaxed and relaxed calculation. For the relaxed calculation, the atoms within the two surfaces of the slab are fixed during the relaxation and for each rigid sliding configuration, the atomic positions are relaxed along the <1 00> direction by minimization of the Hellmann-Feynman forces on each atom. The calculated GSFEs along <110>{110} direction of the shuffle set for GaAs have been shown in Fig. 1 .
Dislocation Equation within Improved P-N Theory
The two-dimensional dislocation equation can be expressed as [17] 
where, u is the dislocation field and σ is the area of primitive cell of the misfit plane. K is the energy factors of the mixed dislocation. The discrete parameter and energy factor K can been determined as [17, 27] 
where,θ is the angle between Burgers and vector dislocation line. The equilibrium lattice constant a 0 and elastic constants C 11 and C 22 for GaAs see Table 1 . µ and ν is the effective shear modulus and Poisson's radio in {111} surface, they can be obtained where C 11 , C 12 and C 44 for GaAs see Table 1 . We can get the µ =40GPa and ν =0.32.
f is the restoring force of atoms along the Burgers vector of mixed dislocation that given by the gradient of the γ -surface as suggested by Christian and Vitek [28] . ∆ and 2 ∆ is given by the unstable stacking fault energy us γ of the modification to the cosine-force law, the fitting curves see Fig. 1 .
To solve the dislocation Eq. (1), a new method called the truncating method has been proposed by Wang, which has been verified to be a convenient and efficient method [17] . Only one constant that needs to be determined by this trial solution. Table 2 .
The Peierls stress can be obtained from maximum slope of the dislocation energy
is the dislocation energy. For a dislocation with length L, the dislocation energy per unit length can be expressed as [17] 
The strain energy and misfit energies of dislocation per unit length can be expressed as x , a is the length of the primitive vector and the sum is carried over the atoms in the horizontal band with width a in a misfit plane (Fig. 2) .
The calculated Peierls stresses of shuffle 60°dislocation in GaAs are also listed in Table 2 . Fig. 2 Core structure of shuffle 60°dislocations. The solid and empty circles respectively represent the atoms on the misfit planes that below and above the cut plane. 
Summary and Discussion
In this work, the SOECs and GSFE for GaAs are calculated by first-principles total-energy calculations of DFT method. The predictions for SOECs are obtained from the coefficients of the fitted polynomials of the energy-strain functions. The SOECs are agreement well with the experimental data and theoretical values. The GSFE has been obtained with non-relaxed and relaxed calculations, respectively. Combining the calculated SOECs, GSFE and the improved P-N theory, the dislocation width and Peierls stress of shuffle 60°dislocation in GaAs have been calculated. The calculated dislocation width is narrow(about 0.83b), and it is reasonable for dislocations in covalent crystalline materials. The peierls stress for GaAs is about 0.45~0.54GPa.
